Interstitial deletion of chromosome 5q is a common cytodemonstrated for chromosomal aberrations like monosomy 7 genetic abnormality observed in MDS. We have used fluorand trisomy 8. 9,10 In the case of the 5q anomaly, we have 
Introduction

Patients and cytogenetic analysis
Interstitial deletions of the long arm of chromosome 5 are one of the most frequent chromosomal aberrations associated with Five MDS patients with an interstitial deletion of 5q were anamyelodysplastic syndrome (MDS), both primary and secondlyzed. Three of them were diagnosed as RA and two with RA ary. 1 The presence of this anomaly as the sole cytogenetic with excess of blasts (RAEB). Despite the lack of evaluable abnormality in a subgroup of MDS patients with refractory metaphases, another case (UPN 3), was included in this study anemia (RA), has been recognized as a specific entity known because she had all the clinical and morphological features as 5q− syndrome. 2 of a 5q− syndrome. Cytogenetic analysis was performed on Karyotypic analysis has revealed variation in the extent of GTG-banded metaphases of unstimulated bone marrow cells, the chromosomal deletions. Critical regions have been identcultured for 24-48 h. The characteristics of the patients are ified either as a common deleted segment at 5q31, 3 or as shown in Table 1 . Samples from two healthy individuals were microdeletions at 5q33. 4 It has been suggested that these segpooled and used as controls. ments contain tumour suppressor genes that could play a role in the pathogenesis of the disease. A large number of haematopoietic growth factor and receptor genes (eg interleukin-3 (IL-3), IL-4, IL-5, IL-9, IL-13, granulocyte-macrophage colony- Table 1 Cytogenetic data on MDS patients stimulating factor (GM-CSF), and macrophage CSF receptor (c-fms)), and transcription factors (like interferon regulatory
UPN Age Diagnosis Karyotype
factor-1 (IRF-1), T-cell transcription factor-1 (TCF-1), and early growth response gene-1 (EGR-1)) are clustered at these critical Cell separation and fixation
Results
Evaluation of FISH data
Thirty milliliters of EDTA blood was used to obtain polymorphonuclear cells (PMNs) by Ficoll-Isopaque density gradiInterphase FISH was used to determine the percentage of ent separation (1.077 g/cm 2 ) followed by lysis of erythrocytes. nuclei with an interstitial deletion of 5q in purified cell fracThe interphase cells were separated into purified fractions of tions from MDS patients. Several 5q-specific cosmid as well monocytes (CD14 + ) and T-lymphocytes (CD3 + ) using a FACas YAC clones were used as hybridization probes (see below). Star cell sorter (Becton Dickinson, San Jose, CA, USA) as
The hybridization conditions were first tested on purified PMN detailed by van Kamp et al. 8 The cell fractions were fixed samples obtained from healthy individuals, which resulted in three times for 5 min each in methanol/acetic acid (3:1 v/v) .
two signals in 90-95% of the nuclei for both types of probes Preparations were made by centrifugation of cell suspensions (examples are shown in Figure 1 ). The percentage of cells with on to cleaned microscope slides.
zero and three spots was very low (0-1%) in both patient and control samples.
Detection of allelic losses in 5q− patients Probes PMN preparations from all patients were hybridized with the All cosmids were isolated from the chromosome 5-specific D5S39 and D5S498 cosmids, which are localized outside the cosmid library prepared by D Larry Deaven at Los Alamos deleted segments at 5q11-q13 and 5q35, respectively. This National Laboratory. The coordinates of the IL-4 and c-fms resulted in two hybridization signals in 90-95% of the nuclei cosmids (57B6, respectively 160E6) have been described. 12, 13 analyzed. Hybridization of these patient samples with the The control probes 142B11 and 53G8 were obtained by PCR 5q31-q33-specific YAC (IL-4 and D5S207) or cosmid (IL-4 and screening of the gridded library with primers for the polymorc-fms) probes, revealed that a large proportion, but not all, phic markers D5S39 14 and D5S498, 15 respectively. The YAC nuclei contained one hybridization signal, ranging from 25% clones were obtained from the St Louis YAC library prepared to 67% (averages from the four different probes) ( Figure 1 ). at Washington University 16 as available in the YAC screening The fraction of abnormal cells per patient was roughly the centre Leiden. The IL-4 containing YAC (129G6) (450 kb) has same for the various probes tested (Table 2) . Also in the case been described, 17 whereas the D5S207 positive YAC (350F7) of UPN 3 (no mitosis), it was demonstrated that about 25% (270 kb) was obtained using the PCR primers published by of the PMNs were aberrant. The variation observed for the Weber et al. 18 different types of probes, was higher (about 15%) in the case of YAC hybridizations, compared to the use of cosmids (up to 7%). To determine the fraction of cells with a 5q deletion from other lineages, FACS-purified monocytes and T-lymphocytes, were hybridized with the IL-4 cosmid. In all patients, the perFluorescence in situ hybridization and microscopic centage of PMNs and monocytes with the 5q deletion was the evaluation same. However, no allelic loss was observed in the lymphocyte preparations (Table 3) . FISH was performed as previously described. 19 The probes were labelled by nick-translation in the presence of biotin-11-dUTP according to protocols provided by the supplier (BRL, Discussion Gaithersburg, MD, USA). The biotinylated probes, either 400 ng YAC or 40 ng cosmid DNA, were hybridized in the The majority of data on the incidence of interstitial deletions of 5q in MDS have been obtained by karyotypic analysis using presence of 50 times excess competitor DNA (Cot-1 DNA) for 3 days or 16 h, respectively, at 37°C to slides containing the bone marrow cultures. In this procedure, a mixture of different cell populations capable of undergoing mitosis is examined, fixed cell preparations. Immunocytochemical detection was accomplished by subsequent incubations with streptavidinand thus, does not provide information on the lineage restriction and mosaicism of a certain chromosomal aberration. To FITC, biotinylated goat anti-streptavidin and streptavidin-FITC again for 30 min at 37°C each (all reagents were obtained address these questions, we have applied interphase FISH analysis on purified cell fractions from del(5q) patients. It was from Vector Laboratories, Burlingame, CA, USA). In between these incubations, the slides were washed three times for demonstrated that in all patients a significant proportion (33-75%) of PMNs and monocytes did not contain the 5q deletion. 5 min with 0.1 M Tris, 0.15 M NaCl, 0.05% Tween-20, pH 7.5. The nuclei were stained using 0.1 g/ml 4,6-diamino-2-pheSince the frequencies of aberrant PMNs and monocytes are the same, it is very likely that a subfraction of common pronylindole (DAPI) dissolved in vectashield.
The hybridized slides were evaluated with an epi-fluorgenitors is affected. There was no relation between the degree of mosaicism and diagnosis RA or RAEB. Also other clinical escence microscope (Olympus, BX-40) equipped with the appropriate filter sets. Photographs were taken on 640 ASA parameters like the number of blasts, degree of dysplasia or blood counts did not correlate (data not shown). color slide films. Each hybridization was performed in duplicate and at least 200 interphase nuclei were scored per slide
The observation that all cases were mosaic for the 5q− anomaly was somewhat unexpected in view of our LOH data on for the number of nuclei with 0, 1, 2 and 3 signals. In case of hybridizations to PMNs, only lobulated nuclei were scored. a comparable group of patients. 11 In that study, only one out of six informative patients showed an incomplete disappearBecause of the thickness of the cells, different depths of focus were examined in order not to overlook any hybridization sigance of one of the alleles. Since one patient (UPN 1) was analyzed in both investigations, this discrepancy can only be nals which might be in a different focal plane.
Figure 1
Examples of FISH with the IL-4 YAC to PMNs of a healthy individual (a) and UPN 2 (b), and with the IL-9 cosmid to PMNs of a control sample (c) and UPN 6 (d). In (a) and (c) only diploid nuclei can be seen, whereas in (b) and (d) nuclei with one as well as two hybridization signals are present.
Table 3
The 5q deletion in different cell lineages Table 2 Detection of the 5q deletion in PMNs by interphase FISH when applied on unfractionated bone marrow or peripheral blood samples. In cases of MDS with a trisomy 8 or monosomy 7, mosaicism of the chromosomal abnormality in myeloid cells explained by differences in sensitivity of the techniques utilized. Other groups have determined the occurrence of the 5q has been reported. In these investigations, FISH was combined with either immunophenotyping 10,22 cell morphology analydeletion in MDS, either using FISH on metaphase spreads, 3, 6 gene dose 20 or LOH analysis. 21 These studies did not reveal sis, [23] [24] [25] or performed on purified cell fractions. 9 Furthermore, the persistence of normal haematopoietic cells has been demthe presence of residual normal haematopoiesis, and are apparently not suitable for quantitative analysis, especially onstrated by X-chromosome inactivation studies using PCR- mality, ie a del(7)(q22). 
